In recent years, researches of disseminating wireless network have been conducted for areas without network infrastructure such as disaster situation or military disputes. However, conventional method was to provide a communication infrastructure by floating large aircraft as UAV or hot-air balloon in the high air. Therefore, it was difficult to utilize previous method because it requires a lot of time and cost. But it is possible to save money and time by using a drone which is already used in many areas as a small UAV. In this paper, we design a drone that can provide wireless infrastructure using high speed Wi-Fi. After reaching the target area, the drone can provide Wi-Fi using wireless mesh network and transmit the situation of local area through attached camera. And the transmitted videos can be monitored in the control center or cell phone through application in real time. The proposed scheme provides wireless communication of up to 160 Mbps in a coverage of about 200 m and video transmission with a coverage of about 120 m, respectively.
provide continuous wireless Internet, it should be able to fly for a long time, and there should be problems on the weather or airspace and it causes cost a lot because of serving a large area. In particular, disaster and dispute areas need a way to utilize existing communication infrastructure and maintain short-term communication.
The drone, which has been developed for military use and has a smaller unmanned air vehicle (UAV), can be solution for disaster and dispute areas. It has been used throughout the pre-sale of broadcasting such as broadcasting relay, weather observation and unmanned security [7] . The battery is mainly used as a power source which affects flight time and payload. It is also easy to be replaced, manufacture and has the advantage of low cost. Furthermore, it can be smaller than large aircraft so that it can spread to various regions.
There are diverse methods such Bluetooth, cellular, and Wi-Fi for establishing a communication infrastructure using a drone. The characteristics vary depending on each method. In the case of Bluetooth, it is mainly used when low power is needed in a short distance. By frequency hopping technology, interference problem is reduced. But, it is difficult to transmit high-capacity of data such as pictures or videos since the transmission speed is slower than that of Wi-Fi. In the case of cellular, it provides communication service over a wide area based on the base station and has the advantage that handover problem is the least. However, it is hard to use the cellular network in the sky and there is a quality problem when less base stations are located. Finally, in the case of Wi-Fi, interference between devices using the same channel may occur but it is possible to transmit data with high-speed and can be easily accessed through a general laptop or smart phone without extra receiver. Also, the distance of communication can be increased through the network constructing wireless mesh topology [8] . A wireless mesh network is a technology using wireless LAN that enables a low-cost and efficient network to be established where a network infrastructure is not built. Mesh nodes are connected to each other, and each node is a host and router. Unlike other wireless networks, it is possible to increase the communication This paper is composed as follows. Section 2 addresses that the proposed system model and shows structure of the implemented drone by pictures. It also specifies the implementation of the test bed and equipment in detail. In Section 3 performance evaluations are described by measurement such as maximum distance, real-time image transmission, and flight time of the drone. This paper is concluded in Section 4.
Drone-Based Wireless Mesh Network

System Model
In this section, we propose a drone that can configure a wireless mesh network to support the areas where network infrastructure is destroyed by disasters or disputes. A scenario is shown in Figure 1 perceptually to provide wireless network with hopping devices as drones. In this scenario, the base station dispatches a number of proposed drones to the area and drones are distributed at regular intervals when these arrive at the destination. By searching nearby drones to establish wireless mesh network automatically, it provides high-speed Wi-Fi to the area.
Using the camera installed in each drone, situation of the area can be transmitted to the control center in real time. It is possible to make efficient network checking the data capacity of each node i.e. drone and adjusting the arrangement of drones corresponding to the region where the capacity limit is exceeded.
Wireless Mesh Network
We design a wireless mesh network using OM2P and MR1750 mesh nodes of
Open-Mesh as shown in Figure 2 . OM2P is a node supporting IEEE 802.11n with 2.4 GHz frequency band and MR1750 is a node supporting IEEE 802.11ac
with 5 GHz frequency bands. Each mesh nod has a function to act as a gateway depending on whether wired LAN (WLAN) is used or not.
The operating system of mesh node uses Open WRT which is an open source based on Linux [11] . For exploiting BATMAN-advanced, BATMAN kernel module is installed on each mesh node, shell programming script is written, and each mesh node is automatically connected to form a wireless mesh network.
The used BATMAN script is run according to the flowchart shown in Figure 3 . Each mesh node is defined to have the same service set identifier (SSID) for easy group assignment. These nodes search for adjacent nodes and confirm to make mesh network. 
Drone with Wireless Mesh Node
Drone has been developed for military purposes and become popular as open source being used in various fields such as law enforcement, agriculture, entertainment, disaster recovery, mining, etc. [12] . Previously, drone is used only as a surveillance role for the delivery of goods for specific purposes but it is possible to utilize the drone as a search tool activating the automatic flight with exact coordinates. In general, drone flies low it can be advantageous to supply Internet using wireless mesh node. And it is suitable for use in dangerous areas because of remote control.
We use a quad-copter that is stable and easy to control flight. Unlike general drone, we consider a payload to fly with a mesh node to support wireless network and a camera for real time image transmission. The total weight of the parts is calculated to be 2.3 kg, which is theoretically to consume 17 A per hour.
It can fly about 20 minutes with 6000 mAh battery. If we use higher capacity battery, flight time get readily longer. It is consisted of flight controller (FC), electronic speed control (ESC), motors, propellers and a GPS. A camera for capturing images is located on the front of proposed drone and a mesh node is installed on bottom of proposed drone. Figure 5 shows each major part separately. This drone can support Wi-Fi by using the mounted mesh node, alert the current coordinate information through GPS and transmit situation of the area deployed through the camera.
Performance Evaluation
In this section, we evaluate the transmission distance and speed of Wi-Fi to compare performance of proposed drone. The pixel and frame rate of the image are designated to evaluate maximum distance for real time transmission. Finally, flight time is calculated to check mobility of the drone. Drone, R2 is connected to R1 by one hop at a distance of about 30 m.
Transmission Distance
To test transmission distance for two purposes, two mesh nodes are set up with scenarios as shown in Figure 6 and denoted R1 and R2, respectively. R1 is located in an indoor room, serves as a base station and connected into the IP camera at the same location. In the outdoor, we use a smart phone to connect with wireless mesh drone, R2, and confirm distance between IP camera. The maximum distance is checked by application. Figure 7 shows the test result in six different environments at various locations. 
Transmission Speed
To measure the transmission rate of each node, open source software Iperf is used [13] . The measurement results show that transmission speed of 802.11n node is up to 80 Mbps and that of 802.11ac node is up to 160 Mbps in line-of-sight. It is identified that the transmission speed is improved up to 10 Mbps for 802.11n and up to 15 Mbps for 802.11ac node with non-line-of-sight (NLOS). Figure 8 shows a snapshot of the transmission speed test.
Finally, for measuring the operation time of implemented drone, a wireless mesh node is activated/connected with drone via wireless mesh network and the drone is connected to Internet via R1. And the drone is set to maintain at an altitude of 100 m. With full battery, it is able to fly for about 25 minutes and it is tested by 20 times with same drone and same configuration. Table 1 
Conclusions
Many researches have been inquired to disseminate wireless Internet in areas where network infrastructure is no sufficient such as disaster or dispute areas. In the future, it will be developed using an inflatable balloon with flexible solar panel as a method for extending flight time and network operating time. Based on low-power wide-area network (LPWAN) communication, coordinates can be easily used for automatic flight information.
